Methionyl-tRNA synthetase needs an intact and mobile 332KMSKS336 motif in catalysis of methionyl adenylate formation.
The family of aminoacyl-tRNA synthetases may be split into two classes according to the occurrence of specific combinations of peptide motifs. This study deals with the functional role of the KMSKS motif, which, in association with the HIGH motif, defines class 1 aminoacyl-tRNA synthetases. Each residue in the 332KMSKS336 sequence of Escherichia coli methionyl-tRNA synthetase, as well as R337 and the two surrounding G330 and G338 residues, were mutagenized. The comparison of the kinetic and equilibrium parameters of the methionine activation reaction sustained by the resulting variants enables the following conclusions to be drawn. (1) Mutation of all the residues studied strongly destabilizes the transition state for the formation of methionyl adenylate whilst changing moderately the stability of the ground state ternary complex enzyme, methionine: ATP-Mg2+. The consequences of the mutations are also reflected at the level of the stability of the ground state enzyme, methionyl adenylate:PPi-Mg2+ complex which is systematically decreased. (2) The substitution with alanine of any one of the three basic residues K332, K335 and R337 destabilizes the transition state by more than 3.2 kcal/mol, while substitution of the non-basic residues M333, S334 or S336 destabilizes it by at most 2.5 kcal/mol. Such a difference may reflect different modes of action of the residues, with the basic ones directly interacting with the beta and gamma phosphates of the ATP-Mg2+ substrate and the non-basic ones playing a structural role and/or participating in mobility of the enzyme region carrying the motif. (3) Modification of G330 or G338 to a proline markedly decreases the kinetic rate of methionyl adenylate formation. This behaviour suggests that the flexibility of the KMSKS loop in the structure of methionyl-tRNA synthetase is required to reach the transition state during formation of methionyl adenylate.